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‘Draw a diagram’ is one of the strategies that teachers often suggest to students who are having 
difficulty with a problem.  Diagrams are particularly helpful in novel (non routine) problem solving 
for three reasons.  First, diagrams provide an external sketchpad for ideas where students can 
represent and connect pieces of information (van Essen & Hamaker, 1990).  Second, diagrams 
facilitate the reorganization of information, and implicit problem information may become explicit 
on a diagram (Larkin & Simon, 1987).  For example, additional relationships within an extended 
family become evident once a family tree is constructed from known information.  Finally, 
diagrams can help students conceptualise the structure of the problem (van Essen & Hamaker, 
1990), and hence, form the basis for a solution.  However, despite the value of diagrams in problem 
solving, many students are reluctant to ‘draw a diagram’ and need to be taught how to draw 
effective diagrams that represent the problem information.   
 
There are four general-purpose diagrams that can represent many different problem structures.  
These are networks (i.e., line diagrams), hierarchies, matrices, and a range of diagrams that exhibit 
part-whole characteristics (Novick & Francis, 1993) (see Figure 1).  Networks allow information to 
be arranged in a chronological or geographic sequence, such as timelines or train route maps 
respectively.  These diagrams consist of sets of nodes (points) with one of more lines linking the 
nodes together.  These diagrams may also be referred to as line or path diagrams.  Matrices 
accommodate categories of information.  They are useful in combinatorial or deductive problems.  
Matrices use the two dimensions to convey the relationships between two sets of problem data, 
thereby making implicit relationships within the information explicit.  Hierarchies represent levels 
of information that either increase or decrease.  Tree diagrams, family trees, genetics and 
probability are some useful applications of hierarchies.  Part-whole diagrams show the relationship 
between a referent and at least one of its parts.  For example, a diagram of chocolate bar and a piece 
of chocolate is a part-whole diagram.  Venn Diagrams are also part-whole diagrams.  Examples of 
problems that can be represented by each of these diagrams follow shortly. 
  
A Network or System 
of Paths  
 
A Matrix with Rows 
and Columns 
A Hierarchy or 
Branching Structure 
A Part-Whole 
Diagram 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. General-purpose diagrams (adapted from Novick & Francis, 1993, p. 12). 
 
An Instructional Program 
As primary students often have difficulty generating effective diagrams (Diezmann & English, 
2001), an instructional program was developed to support students’ use of diagrams in novel 
problem solving.  The instruction consisted of a set of twelve 30 to 40 minute lessons that focussed 
on developing students’ knowledge about diagrams and their use in problem solving.  An overview 
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of these lessons follows.  This set of lessons has been implemented successfully by various teachers 
with their classes of ten year olds.  The lessons are described in detail elsewhere (Diezmann, 
1999a).   
 
Lesson 1 focussed on establishing the concept of ‘a diagram’.  Students’ looked at the various types 
of ‘pictures’ that are used to represent houses and discussed the differences between the use of 
photos, drawings, and diagrams (plans) as the representation.  Students also drew a diagram of their 
classroom showing the locations, shapes, and numbers of objects in their classroom.  This lesson 
was important because many students are unfamiliar with the term ‘diagram’.  Additionally, some 
students focus on the representation of surface details to the detriment of the representation of the 
problem structure.  For example, one girl when asked to ‘draw a diagram’ to show different 
combinations of ice-cream flavours drew, coloured, cut-out and constructed three dimensional ice-
creams from cardboard.  Although she accurately represented a couple of combinations of ice-
cream, due to her time consuming approach, the richness of the mathematics in the original task was 
lost.  Representation of surface details is quite common for students who have not had any diagram 
instruction.  However, students need to move beyond the surface or artistic representation of 
information to a more structural representation of the information of the diagram is to assist in 
problem solving.   
 
Lessons 2 to 10 focused on familiarising students with networks, matrices, hierarchies, and part-
whole diagrams, and some of the problems for which these diagrams are applicable.  Most students 
(and sometimes teachers) are unfamiliar with general purpose diagrams.  The order of introduction 
of the various types of diagrams was determined by the perceived mathematical difficulty of the 
representation (e.g., Biron & Bednarz, 1989; Diezmann, 1999; Novick & Francis, 1993; Novick & 
Hmelo, 1994).  During these lessons, new diagram types were linked to familiar scenarios.  
Networks were associated with planning walking paths through the school; matrices were linked to 
the various combinations of morning tea and lunch food that could be purchased from the school 
shop; hierarchies were related to the top-down school organizational structure; and part-whole 
diagrams were discussed in relation to the sporting and cultural groups to which the students in the 
class belonged.  Once a diagram was linked to a familiar scenario, students engaged in solving a 
problem that could be represented with the new structure (e.g. a network).  After students had 
represented and solved a particular problem, they shared their representations and the underlying 
structure of these diagrams was discussed.  Through a sustained focus on the commonality of 
structure despite surface dissimilarity, students began to realise that much of the surface detail was 
superfluous.  The introduction of new diagrams was interspersed with practice sessions in which 
students engaged in solving problems using the new structures.  Similarities between the structures 
of sets of problems were also discussed.  As new types of diagrams were introduced, the students’ 
repertoire of diagrams was continually reviewed to ensure that students could discriminate between 
diagram types.   
 
Lessons 11 and 12 highlighted the importance of making decisions about diagrams.  Although 
diagrams can be particularly useful in problem solving, sometimes diagrams are unnecessary or 
other problem solving strategies are more appropriate.  In Lesson 11, students were specifically 
instructed that they were not to solve a mixed set of various types of problems but rather to 
concentrate on decision-making.  “Was a diagram needed?” and if so “Which diagram was most 
appropriate and why?”  This lesson raised students’ awareness of making a decision about the 
appropriateness of the problem solving strategy at the commencement of a problem solving task.  
Students tested their decisions in Lesson 12 when they attempted to solve each of the problems 
from Lesson 11 using their specified approaches, which may or may not have involved diagrams.  
Throughout this program the students were encouraged to record and articulate their understandings 
of diagrams.  For example, students typically drew examples of the diagrams and wrote about their 
applicability ― “(A matrix) is useful for combinations and clues”.   
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The effectiveness of the instructional program was gauged by the enhancement in students’ diagram 
use during problem solving.  After this program had been implemented, students typically used 
diagrams more frequently; needed less guidance in how diagrams should be used; generated higher 
quality diagrams than previously; and reasoned appropriately from their diagrams to reach a 
successful solution.  The following examples are typical of the high quality diagrams that ten-year-
olds produced and which formed the basis for successful solutions.  A discussion of the assessment 
of the quality of diagrams can be found elsewhere (Diezmann, 1999b).  
 
In this student’s network diagram for ‘The Frog’ problem, the frog’s forward and backward motion 
is clearly represented by the offset arrows representing the temporal structure of the problem (See 
Figure 2).  The student solved the problem by simply counting the upward arrows, which 
represented the jumps. 
 
The Frog 
A frog was trying to jump out of 
a well.  Each time the frog 
jumped, it went up four rows of 
bricks, but because the bricks 
were slippery it slipped back one 
row.  How many jumps will the 
frog need to make if the well is 
12 rows high? 
 
Figure 2.  The Frog problem. 
 
Deductive problems, such as the ‘Sports’ problem, can easily be represented on a matrix.  In the 
following example, the student has represented the sports on the rows and the people on the 
columns of the matrix (See Figure 3).  The student solved this problem by recording the explicit 
relationships amongst the problem information on the matrix and then employing deductive 
reasoning.   
 
Sports 
Four friends like different sports.  One likes tennis, one likes 
swimming, one likes running and one likes gym. Each person 
only likes one sport. Use the clues to help you find out which 
sport each friend likes. 
1. Sally and Rick met when one of them won a swimming race. 
2. Tara and Greg met when one of them was exercising at the 
gym. 
3. Sally is not a swimmer or a runner. 
4. Greg is a friend of the gymnast’s brother. 
Figure 3.  The Sports problem. 
 
The following problem, ‘The Party’, was represented using a hierarchy in which the reducing 
numbers of handshakes were represented as tally marks.  The student calculated the total number of 
handshakes from these tally marks.  While this hierarchical representation is less common than the 
family tree or knockout sports competition diagrams, which explicitly show levels on the diagram, 
students were still able to recognize the hierarchical nature of the problem structure.    
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The Party 
At a party 5 people met for 
the first time.  They all shook 
hands with each other once.  
How many handshakes were 
there altogether? 
 
Figure 4.  The Party problem.   
 
Some students use very abstract diagrams to represent the problem structure.  In ‘The Park’ problem 
this student has used dots to represent the legs of people or dogs and the lines to represent the body 
of a person or dog in the part-whole diagram.  The part-whole relationship was evident from the 
representation of the total number of legs and the student’s groupings of either two or four legs to 
each body. 
 
The Park 
Jane saw some people walking their 
dogs in the park.  She counted all 
the legs and found that there were 
48 legs altogether?  How many 
people and how many dogs?   
 
Figure 5.  The Park problem.   
 
Conclusion 
Problem solving strategies, such as ‘draw a diagram’, are cognitive tools, and, just like ‘real life’ 
tools these strategies are only of value when the user is sufficiently skilled to use the tool 
effectively.  Hence, it is of limited use to suggest to students that they ‘draw a diagram’ unless they 
are able to generate a diagram that represents the problem structure and then use this diagram to 
reach a solution.  Generally, primary students need explicit instruction about diagrams before they 
are able to capitalise on the cognitive advantages of diagram use in problem solving.  However, 
once students have developed an understanding of the structural relationships that can be 
represented by networks, matrices, hierarchies, and part-while diagrams, they become empowered 
as problem solvers because they can check the relationships among the information on a new 
problem against the types of relationships inherent in these general-purpose diagrams.  This 
approach is particularly helpful for students who have difficulty identifying the structure of a 
problem or are easily distracted by surface details.   
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